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Manufacturing, Characterization, Modeling, and Analysis
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Project Introduction

When composites were first implemented, structures were pieced together
from smaller, more manageable constituents. Thought was not given on how
best to create the new structures, but it was rather a carry-over method from
experiences with metallic materials and structural manufacturing. Progress has
been made by trying to reduce failure mechanisms, such as delamination
issues, by curing skins separately of stiffeners and curing and bonding a
stiffener to the cured skin. Delamination issues in the post-buckling range,
however, are still present. Stiffener delamination from the skin causes sudden
instability in buckling behavior, and the suddenly non-stiffened skin fails
catastrophically under previously sustained high loads. Such catastrophic
failure has warranted an increased buckling safety factor, and in turn to a
heavier structure. There is a strong necessity to certify structures for space
applications. For this purpose, characterizing the mechanical performance of
unitized stiffened textile composite panels is a first step towards qualifying
textile composites for space structure shell applications much like how Mark
Hilburger at NASA Langley is redefining the design requirements for metallic
cylindrical shells used in launch vehicles with the Shell Buckling Knockdown
Factor project. Goals to be attained with this research effort include gaining an
understanding of the post-buckling behavior of unitary stiffened textile
composite panels, creating a computationally accurate model capturing the
main failure modes of such panels, showing that such panels may be tailored
for certain structural properties and achieving cost effective manufacturing
processes. Tailoring textiles to be woven with stiffer axial properties closer to
the edges of the plate, and stiffer in the transverse direction in the interior of
the plate, theoretically should increase the critical buckling load. A study of
how varying the structural properties affects stiffened plate critical buckling
loads is an additional key component of the proposed work. The proposed
research will be completed through three main phases. Phase I will consist of
creating a computational model of the unitary stiffened panel that captures the
response in compression including post-buckling. Phase II will consist of
manufacturing stiffened unitary panels through a modified vacuum-assisted
resin transfer molding process. Phase III will consist of experimentally testing
the manufactured unitary stiffened composite panels and comparing the
results to the computational model created in Phase 1. By using unitary
stiffened composite panels, the proposed research aims to achieve gradual
(post-peak softening) rather than catastrophic failure during post-buckling
response resulting in a gradually decaying load curve compared to the sudden
loss of load carrying capacity observed during stiffener-panel delamination.
Additionally, the proposed research with unitary stiffened composite panels
aims to show a high buckling stiffness per unit weight, per unit cost when
compared to current stiffened panels. This can have significant impact in
future, lightweight cost-effective aerospace structures such as launch vehicles.
Should the anticipated local failure be observed (as opposed to catastrophic
failure), composite structures will be safer due to an increased post-buckled
load carrying capability and increased time for preventative measures to be
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taken.

Anticipated Benefits

By using unitary stiffened composite panels, the research aims to achieve
gradual (post-peak softening) rather than catastrophic failure during post-
buckling response resulting in a gradually decaying load curve compared to
the sudden loss of load carrying capacity observed during stiffener-panel
delamination. Additionally, the research with unitary stiffened composite
panels aims to show a high buckling stiffness per unit weight, per unit cost
when compared to current stiffened panels. This can have significant impact in
future, lightweight cost-effective aerospace structures such as launch vehicles.
Should the anticipated local failure be observed (as opposed to catastrophic
failure), composite structures will be safer due to an increased post-buckled
load carrying capability and increased time for preventative measures to be
taken.

Primary U.S. Work Locations and Key Partners
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Performing Work Role Type Location
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Organizational
Responsibility

Responsible Mission
Directorate:

Space Technology Mission
Directorate (STMD)
Responsible Program:

Space Technology Research
Grants

Project Management

Program Director:
Claudia M Meyer
Program Manager:
Hung D Nguyen
Principal Investigator:

Veera Sundararaghavan

Co-Investigator:
Cyrus J Kosztowny

Technology Maturity
(TRL)

Start: 2
Current: 2
Estimated End: 3
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Primary U.S. Work Locations Technology Areas

Michigan Primary:

e TX12 Materials, Structures,

Images Mechanical Systems, and
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Project Website:

https://www.nasa.gov/directorates/spacetech/home/index.html
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